Lymphocytes in umbilical cord blood and neonatal peripheral blood have been shown to have less ability in an immune reaction. In our present experimental approach to address this issue, we made use of the cord blood of full-term birth infants to investigate the expression of the interleukin-2 receptor y (IL-2Ry) chain that is shared with receptors for IL-4, IL-7, IL-9, and IL-15 as well as IL-2. The y chain expression in cord blood lymphocytes was about one-third that in the lymphocytes of adults, whereas no significant difference between cord blood and adult monocytes was observed. A NTERLEUKIN-2 receptors (IL-2Rs) are known to be I composed of three different molecules (a, p, and y chains).'.' We have shown that the functional high-affinity IL-2R complex includes, in addition to the previously identified a and p chains, the y chain. Furthermore, we have also shown that the p and y chains, each of which alone does not have the ability to bind IL-2, are essential for the intracellular growth signal transd~ction.~ The a chain is functional in binding IL-2 but not in signal transduction.'.' The y chain gene was mapped on the X chromosome (Xq 13), in which the putative gene responsible for X-linked severe combined immunodeficiency (XSCID) is reportedly located.' Moreover, mutations of the y chain gene were found in patients with XSCID, indicating a causative relationship between an abnormal IL-2Ry chain and XSCID.' It has been recently shown that the IL-2Ry chain is commonly used for the functional high-affinity receptors for IL-4, IL-7, IL-9, and IL-15 as well as IL-2,'o-'3 suggesting that the y chain plays acritical role in immune function.
I composed of three different molecules (a, p, and y chains).'. ' We have shown that the functional high-affinity IL-2R complex includes, in addition to the previously identified a and p chains, the y chain. Furthermore, we have also shown that the p and y chains, each of which alone does not have the ability to bind IL-2, are essential for the intracellular growth signal transd~ction.~ The a chain is functional in binding IL-2 but not in signal transduction.'.' The y chain gene was mapped on the X chromosome (Xq 13), in which the putative gene responsible for X-linked severe combined immunodeficiency (XSCID) is reportedly located.' Moreover, mutations of the y chain gene were found in patients with XSCID, indicating a causative relationship between an abnormal IL-2Ry chain and XSCID.' It has been recently shown that the IL-2Ry chain is commonly used for the functional high-affinity receptors for IL-4, IL-7, IL-9, and IL-15 as well as IL-2,'o-'3 suggesting that the y chain plays acritical role in immune function.
Newborns are known to have marked reduction in the Tcell and natural killer (NK) cell functions and in antibody production ~apability.'~.'' It has been reported that the expressions of the a and chains of IL-2R are not reduced in umbilical cord blood T cell^,^^^^^ but the y chain expression has not been investigated yet. To obtain relevant data, we measured the expression of the y chain on umbilical cord blood mononuclear cells. Our results illustrate that cord blood lymphocytes express the y chain less than do the lymphocytes of the adult periphery, presumably suggesting a reduced immune function of cord blood lymphocytes.
MATERIALS AND METHODS
Isolation and labeling of mononucleur cells. Umbilical cord blood (n = 5) obtained at the time of vaginal delivery after uncomplicated full-term (37 to 40 weeks) pregnancy, uncomplicated neonatal peripheral blood (n = 3), and adult peripheral blood (n = 10) were collected under heparinization. Informed consent was obtained from all subjects. Mononuclear cells were collected by the Ficoll Hypaque method. These cells were resuspended in 5% rat serum phosphatebuffered saline (PBS) and incubated for 30 minutes at 4°C. After being washed with PBS, the cells were allowed to react with biotin-conjugated rat antihuman IL-2Ry monoclonal antibody (TUGh4:lgG2b)." The cells were then washed twice with PBS, allowed to react with phycoerythrin (PE)-labeled streptavidin, washed three times with PBS, and finally subjected to flow cytometry. Some portions of the specimens were then allowed to react individually with fluorescein isothiocyanate (F1TC)-labeled anti-CD4 (Leu-4), anti-CD8 (Leu-2), antiLCD19 (Leu-12), anti-CD16 (Leu-I I ) , anti-CD56 (Leu-19), TCR y b (TCR-y/b-I), and CD45RO (UCHL-I ); the former five antibodies were purchased from Becton Dickinson (San Jose, CA) and last antibody was purchased from Nichirei (Tokyo, Japan) and subjected to two-color flow cytometry. In another experiment, mononuclear cells were incubated with mouse IgG and then exposed to PE-labeled mouse antihuman 1L-2Ra antibody (2A3; Becton Dickinson) or FITC-labeled antihuman IL-2RP antibody (TU27)" to examine the expression of IL-2Ra and IL-2RP chains. In another experiment, umbilical cord blood and adult peripheral blood mononuclear cells were examined for the expressions of the LL-2Ru. IL-2RP, and IL-2Ry chains after in vitro culture in RPMI1640 supplemented with IO% fetal calf serum (FCS) for 3 days.
Total RNA was extracted with a RNA Zol B (CINNA/BIOTEX, Houston, TX) from the monocytes and lymphocytes of sorted cord blood and adult peripheral blood. For the preparation of cDNA, 4 pg of RNA was incubated at 40°C for 1 hour in 20 p L of a 1 X PCR buffer (Stratagene, La Jolla, CA) containing 1 mmol/L of dNTP, 50 U of RNase inhibitor (Takara, Kyoto, Japan), and a random hexamer FITC-labeled anti-CD45 (HLe-I) and PE-labeled anti-CD14 (Leu M3), were then washed twice with PBS, and were subjected to twocolor flow cytometry. Cell sorting was performed on a FACStar (Becton Dickinson). Lymphocytes and monocytes were sorted to greater than 99% purity on a FACStar (Fig I) . To analyze further the reduced expression of the y chain, the y chain expression was examined with the subsets of umbilical cord blood lymphocytes and adult peripheral blood lymphocytes. IL-2Ry chain expression was high on the CD4' T cells of adult peripheral blood, amounting to 3/2 of that on the CD8' T cells (Fig 3 and Table I ). The expression of the y chain on the CD4' T cells of umbilical cord blood was profoundly lower (about one-fourth) than of that on adult CD4' T cells (Fig 3) . A similar decrease was seen with the CD8' T cells of umbilical cord blood. On the CD19' B cells of adult peripheral blood, the IL-2Ry chain expression was monophasic. The expression on the CD19' B cells of umbilical cord blood was biphasic; the majority of the CD19' B cells expressed an extremely low level of the y chain, whereas the minor population showed an expression level comparable to that on adult B cells (Fig 3) . Expression of the y chain on CD16' NK cells in umbilical cord blood was one-third of that in adults (Fig 3 and Table I ). CD56h"ph' NK cells expression of the y chain was equal to that of CD4' T cells in adults, whereas the same population of umbilical cord blood was about one-half of that in adults (Fig 3) . A similar decrease in the y chain expression was also observed with the y6 T cells; the umbilical cord blood cells expressed the y chain at a level of about one-third of that in adults (Fig 3 and Table I ).
We further examined the y chain expression on cells classified by the CD45RO cell surface marker. The majority of umbilical cord blood lymphocytes are CD45RO-, which are known as naive lymphocytes, whereas the rest are CD45RO'. which are known as memory lymphocytes.26 One may hypothesize that a decrease in the y chain expression on umbilical cord blood lymphocytes is attributable to the small number of memory lymphocytes in the total population of umbilical cord blood lymphocytes. Two-color flow cytometry study showed that the AMFI of the y chain on CD45RO' lymphocytes of adult peripheral blood (19.18 t 1.00, n = 3) expressed a similar amount to that on the CD45RO-lymphocytes (17.67 t 1.77, n = 3; Fig 4, left) . The AMFI of the y chain on CD45RO' lymphocytes of umbilical cord blood (7.32 ? 1.73, n = 3), even though it is a very small fraction, was similar to that of the CD45RO-cord blood lymphocytes (6.97 2 1.38, n = 3; Fig 4, right) .
The RT-PCR method was y Chain mRNA expression.
For personal use only. on November 11, 2017. by guest www.bloodjournal.org From adult peripheral blood lymphocytes used to investigate the expression of &actin mRNA and IL2Ry mRNA in umbilical cord blood and adult peripheral blood monocytes and lymphocytes obtained by sorting (purification rate>99%). As shown in Table 2 3) was enhanced after 3 days of culture to 12.76 ? 2.40 and 15.36 2 2.83, respectively, whereas the y chain expression on adult peripheral blood lymphocytes (AMFI, 19.32 2 2.56, n = 3) stayed at the same level as before (AMFI, 18.81 2 2.53, n = 3; Fig 6) .
y Chain expression on neonatal peripheral blood lymphocytes. Neonatal lymphocytes were examined for their expression of the y chain by flow cytometry. The y chain expression roughly doubled in neonate peripheral blood 3 days after birth and remained at similar levels 5 days and 30 days after birth, corresponding to about two-thirds of the adult levels (Table 3) . 
CD 45 RO DISCUSSION
Neonatal lymphocytes are generally shown to have low immune functions of antibody produ~tion,'~-'~ delayed cutaneous hypersensitivity as T-cell f u n c t i~n~' *~~ T-cell reactivity to specific antigen^,*^.^' and NK cell activity.I8.l9 In contrast, the monocyte function of neonates is as effective as that of adults with regards to both phagocytotic capability against pathogens and bactericidal ~apability.".~~ In fact, as in adults, neonate monocytes are also known to be capable of presenting antigens, although their DR antigen expression is reduced.33-3s.."8 These observations suggest that lymphocytes in neonates are less functional than those in adults, whereas neonate monocytes seem to bear close similarities to those of adults. Because the present study showed that IL-2Ry chain expression on the lymphocytes of umbilical cord blood is poor and amounts to only about one-third of that on adult lymphocytes while the same subunit expression on umbilical cord blood monocytes is as good as that on adult monocytes, the poor expression on lymphocytes may be responsible for neonate lymphocyte dysfunction. Because the y chain is used in receptors for IL-2, IL-4, IL-7, IL-9, and IL-I5,10-1~.39.4~ regulation by all of these cytokines could be impaired in neonates. Recently, the y chain expression on adult T cells, NK cells, and monocytes was shown to increase upon stimulation with such cytokines as IL-2 and interferon y. 4IA3 Our study showed that the y chain expression on umbilical cord blood lymphocytes was enhanced after 3 days of in vitro culture in a medium without cytokine addition, whereas the expression of the IL-2Ra and IL-2RP chains stayed at the same level as before. In addition, our results showing that the y chain expression in the neonate peripheral blood lymphocytes increased 3 to 5 days after birth indicate that neonate lymphocytes increases the y chain expression in the early postnatal stage to cope with exogenous antigen stimulation after birth even though no specific symptoms of inflammation appear. The NK activity of umbilical cord blood mononuclear cells has been reported to be dramatically enhanced upon in vitro culture with IL-2.I8.& Another report confirmed For personal use only. on November 11, 2017. by guest www.bloodjournal.org From For personal use only. on November 11, 2017. by guest www.bloodjournal.org From Abbreviation: NT, not tested.
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that high-affinity IL-2R is expressed in umbilical cord blood mononuclear cells stimulated with phytohemagglutinin (PHA) or anti-CD3 antib~dy.~' These results may be associated with the depressed IL-2Ry expression on cord lymphocytes that increased after in vitro culture. A reduced expression of the y chain in all T cells, yS T cells, CD16' NK cells, CD56b"gh' NK cells, and CD19+ B cells of umbilical cord blood is in striking contrast to the expression of the IL-2Ra and IL-2RP chains in umbilical cord blood T cells that is the same as in adult peripheral blood cells. Furthermore, the expression of the IL-2RP chain is greater in umbilical cord blood NK cells than the expression in adult NK ell^.^"^^^^^^^^^ The present study also suggests that the decrease in IL-2Ry chain expression in umbilical cord blood lymphocytes is attributable to posttranscriptional regulation (Fig 5 and Table 2 ). It is therefore necessary to investigate which translation mechanism and transport mechanisms of the receptors to the cell membrane are relevant to this problem. Another subject to be investigated is whether the expression of IL-4R, IL-7R, and IL-9R is reduced in umbilical cord blood lymphocytes because these subsets share receptors with the IL-2Ry chain.
The majority of umbilica1 cord blood lymphocytes are naive T cells with a phenotype of CD45RO-, CD45RA+26 and IL-2Ra chain expression is characteristic to memory T cells in adults.39 Thus, one may hypothesize that the reduced expression of the y chain in cord blood lymphocytes is due to a large population of naive T cells (CD45RO-, CD45RA+) that may have low level of the y chain expression. However, this is not the case. Our results clearly showed that there is no difference in the y chain expression between naive T cells (CD45RO-, CD45RA+) and memory T cells (CD45RO+, CD45RA-).
However, it is interesting that, in the minor population of the CD19' B cells of umbilical cord blood, the y chain expression was as high as that in adults. Because umbilical cord blood B cells contain a large number of CD5+ B cells,"8 we made a preliminary evaluation of the y chain expression in these CD19+ B cells. No difference was found between CD5' CD19+ B cells and CD5-CD19' B cells. However, the y chain expression in umbilical cord blood CD19' B cells should be investigated in greater detail.
At present, we do not have enough data to account for the low level of the y chain expression in cord blood lymphocytes in terms of mechanism and significance. The microenvironment may induce reduction in the expression of the y chain to maintain the pregnancy. This assumption may be supported by the observation in this present study that IL2Ry chain expression on umbilical cord blood lymphocytes increases rapidly after birth and that neonate lymphocytes can become immunologically competent. Additionally, in contrast, the y chain expression is maintained in cord blood monocytes that may be involved in the prevention of infection.
